One of the most intimate and elaborate cellular interactions found in nature occurs in the CNS, when oligodendrocytes deposit multiple concentric layers of compact membrane around axons, with the amount of membrane deposited depending on the size of the axon. The formation of this myelin sheath is crucial to the efficient and rapid transmission of action potentials throughout the vertebrate nervous system. Axonal signaling to oligodendrocytes is generally accepted as controlling myelination 1 . Therefore, identifying the nature of these signals is paramount for promoting remyelination after injury or after onset of demyelinating diseases, such as multiple sclerosis, and this is indeed the goal of most myelin research.
Much of our current understanding of oligodendrocyte myelination is derived from in vitro culture studies using purified neurons and oligodendrocytes, dispersed mixed glial cultures or organotypic slice cultures. In general, each of these culture methods has its own unique set of advantages for biological experiments. However, these methods also have limitations in terms of time length, cost and reproducibility of experiments. For example, although slice cultures generally produce robust myelination and maintain tissue architecture and neuronal connections 2, 3 , these cultures contain cell types other than neuronal substrates for myelination and oligodendrocytes, such as astrocytes and microglia, which may confound data interpretation. Similarly, dispersed mixed glial cultures established with neurons and oligodendrocytes from cortical tissues 4 or spinal cords 5, 6 also contain similar contaminating cell types that are seen with slice cultures and that yield inconsistent amounts of myelin from culture to culture. In contrast, purified neuron-oligodendroglial coculture systems can be established using dorsal root ganglion neurons 7 , retinal ganglion neurons 8 or hippocampal neurons 9, 10 . However, preparing these coculture systems involves tedious purification procedures and the maintenance of primary neurons. For example, dorsal root ganglion neurons need to mature for ~3 weeks in vitro before oligodendrocyte precursor cells (OPCs) can be seeded 7 .
Here we describe a rapid and reproducible culture system that is suited for analyzing oligodendrocyte autonomous mechanisms that are important in myelination. Recently, we explored the longstanding notion that the initiation of myelin wrapping is somehow intimately related to axonal diameter, with the larger axons being preferentially myelinated over the smaller ones. For example, an increase in axonal target size correlates with both an increase in axonal diameter and the development of myelin 11, 6 . By using electrospun polystyrene nanofibers that act as pseudo-axonal scaffolds in forming myelin-like segments, we demonstrated that fiber diameter is a permissive axonal cue that is sufficient for initiating membrane wrapping by oligodendrocytes. Fibers with diameters ≥ 0.4 µm are ensheathed and wrapped by OPCs and oligodendrocytes, respectively. Our findings demonstrate that nanofibers of sufficiently large diameter represent a minimally permissive environment that is ideal for investigating extrinsic factors that may contribute to membrane wrapping 12 .
coverslips when immersed in cell culture medium, both edges of the fibers are attached to the coverslips with silicone adhesive sealant ( Fig. 1) . Fibers are then sterilized with 70% (vol/vol) ethanol and coated with substrates, such as poly-l-lysine. Next, by using a protocol adapted from previously reported methods 8, 13 , OPCs are dissociated from cortices of postnatal day (P) 7 rat pups or P9 mouse pups and purified through immunopanning. Immediately after purification, a high density of OPCs is seeded onto the fibers in a defined culture medium containing exogenous platelet-derived growth factor (PDGF). OPC-fiber cultures can be examined by light microscopy, fixed for fluorescence microscopy or processed for electron microscopy.
Applications and advantages
Electrospun nanofibers provide reproducible and robust scaffolds for concentric membrane wrapping, a process that is indicative of the generation of myelin-like segments by oligodendrocytes. These fibers can be most useful in the investigation of autonomous oligodendrocyte mechanisms that are important for myelination. For example, OPC-fiber cultures can be used to analyze changes in oligodendrocyte-specific gene expression or signaling mechanisms associated with the formation of myelin-like segments. One of the long-standing questions with respect to myelination is the molecular mechanism underlying membrane assembly and wrapping that leads to the characteristic architecture of myelin. Sufficiency of fiber diameter for generating multiple concentric wraps of membrane provides an opportunity to study the molecular pathways regulating this process. Another application of the fibers would be in identifying molecules that promote membrane wrapping around the fibers and in oligodendrocyte proliferation, migration and differentiation. OPCs grown on regular glass coverslips may cluster as mounds of cells upon proliferation, whereas OPCs cultured on the fibers space themselves evenly along the fibers, thereby facilitating analyses that require accurate quantification of cell numbers, such as proliferation or cell death assays. Nanofibers also provide scaffolds on which OPCs can migrate in an orderly and predictable fashion rather than dispersing at random.
As our findings suggest, oligodendrocyte differentiation and myelination may be a continuous process, which cannot be uncoupled, as membrane ensheathment initiates at the level of OPCs before expression of myelin basic protein (MBP) 12 . Therefore, fibers provide a minimally permissive environment that enables the analysis of extrinsic signals, both molecular and biophysical, that control oligodendrocyte differentiation and membrane wrapping. For example, mechanical properties of extracellular matrix, such as stiffness, can influence oligodendrocyte differentiation and myelination 14 . Therefore, one could fabricate fibers with varying stiffness and examine effects on oligodendrocyte differentiation and fiber wrapping. In addition, integrin molecules, such as α6β1, have been reported to interact with either axonal or extracellular matrix substrates, such as laminin-2, to modulate oligodendrocyte survival 15 , axon myelination 16 and enhanced membrane formation in vitro 17 . Coating the fibers with various substrates enables the investigation of the effect that integrin-interacting substrates have on oligodendrocyte survival and differentiation and on membrane wrapping. Furthermore, the OPC-fiber culture can be used to systematically recapitulate the in vivo cellular microenvironments by adding other cellular components, such as astrocytes and/or microglia, to examine the roles these cell types have in oligodendrocyte survival and maintenance, as well as in axon (re)myelination and wrapping. Finally, one can examine oligodendrocyte-specific responses to demyelinating insults by exposing mature oligodendrocyte-fiber cultures to either chemical or physical insult. After the demyelinating insults, signaling mechanism(s) underlying remyelination of previously damaged myelin-like segments deposited on the fibers or recovery of OPCs and oligodendrocytes in culture can be analyzed.
Limitations of the approach and additional considerations
One of the hallmark features of the myelin internode generated on axons is the clustering of axonal sodium channels within the nodes of Ranvier that in turn enable the action potential to jump from one node to the other. In the fiber culture system, myelinlike segments generated along the fibers lack nodal structures. Despite important potential applications of this system, there are limitations for certain uses because of the absence of axonal components on fibers. Therefore, it is not possible to examine axon-mediated myelin changes. These changes include the extent of myelination, such as the thickness of myelin proportional to fiber diameter and the degree of compaction. Conversely, fibers provide investigators an opportunity to dissect axonal signals important for these processes. For example, it has been reported that neuregulin 1 type III regulates myelin thickness in both the CNS and the peripheral nervous system (PNS) [18] [19] [20] . One can identify potential axonal membrane-bound proteins important for completion of later stages of myelination by coating the fibers with axonal membrane or other candidate substrates known to modulate intercellular interactions.
• Poly-l-lysine solution By using 0.15 M sodium borate buffer (boric acid, target pH achieved with NaOH pellets) to achieve a pH of 8.4, make a 1 mg ml − 1 stock of Poly-l-lysine. Do not attempt to filter this solution. In order to prepare the stock for use, dilute it to 0.1 mg ml − 1 with sterile water, and then filter it through a 0.22-µm sterile filter. The maximum recommended shelf life of the resulting solution is 3 months at 4 °C. Hybridoma culture medium Hybridoma culture medium consists of DMEM containing 10% FBS and 1× penicillin-streptomycin. This medium is prepared by mixing 500 ml of DMEM with 56 ml of FBS and 5 ml of penicillin-streptomycin. Maximum recommended shelf life is 1 month at 4 °C. Production of hybridoma supernatants containing monoclonal antibodies for immunopanning Transfer two ~90% confluent cell culture dishes (100 mm × 20 mm) of Ran-2, GalC and O4 hybridomas into separate 225-cm 2 -vented flasks; culture them in 50 ml of hybridoma culture medium. Add 25 ml of hybridoma culture medium every other day until volume reaches 125 ml or when hybridoma cells begin to be wrinkled in appearance. When ~75% of the cells detach from the bottom of the flask, collect the hybridoma supernatant (containing monoclonal antibodies) by centrifuging at 2,500g using a tabletop microcentrifuge for 20 min at room temperature. Store hybridoma supernatants in 10-ml aliquots at −20 °C. These aliquots can be stored for several months at −20 °C. Paraformaldehyde solution, 4% (wt/vol) In order to prepare 40 ml of solution, mix 10 ml of 16% (wt/vol) paraformaldehyde aqueous solution with 30 ml of D-PBS. The maximum recommended shelf life for the resulting solution is 1 month at 4 °C for immunostaining. Freshly prepare before use for electron microscopy samples. Triton X-100 solution, 10% (vol/vol) In order to prepare 10 ml of solution, mix 1 ml of 100% (vol/vol) Triton X-100 with 9 ml of D-PBS. This solution can be stored for several months at room temperature.
Immunostaining blocking and permeabilization buffer In order to prepare 10 ml of buffer, mix 2 ml of goat serum with 8 ml of D-PBS and 200 µl of 10% (vol/vol) Triton X-100 solution. The maximum recommended shelf life for the resulting solution is 1 month at 4 °C. Immunostaining antibody buffer To prepare 10 ml of buffer, mix 2 ml of goat serum with 8 ml of D-PBS. The maximum recommended shelf life for the resulting solution is 1 month at 4 °C. Epon stock To prepare 22.6 ml of stock, mix 10 ml of EMbed-812, 8 ml of DDSA, 4 ml of NSA and 0.6 ml of BDMA. Store 2-ml aliquots at −20 °C and thaw for >2 h at room temperature before use. These aliquots can be stored for several months at −20 °C. 2| Add 2 ml of DMF and 1 ml of THF to the solution, resulting in a final concentration of 15% (wt/vol) polystyrene solution.  crItIcal step Polystyrene must be completely dissolved by DCM before the addition of DMF and THF. Adding THF and DMF to the solution before the polystyrene has been completely dissolved will markedly increase the amount of time it will take to completely dissolve all of the polystyrene.
3|
Load the solution into a 3-ml polypropylene syringe and cap it with a 23-gauge blunt-tip needle. ! cautIon Perform all of the steps that follow in a fume hood. Please note that ideally, the process of electrospinning should take place inside a glove box to minimize air-flow disturbances that may interfere with the stability of the stream.
electrospinning of nanofibers for myelination • tIMInG ~1 d 4| Load the syringe containing the polystyrene solution onto the KDS 100 syringe pump set at a dispensing rate of 0.16 ml h − 1 .
5| Poke the tip of the blunt-tip needle through a 10 cm × 10 cm sheet of aluminum foil and position the sheet 1 cm away from the tip.
6|
Attach an alligator clip from a high-voltage DC power supply to the base of the aluminum sheet.
7|
Position the syringe pump containing the syringe 25 cm away from the edge of the rotating collector.
8|
Tape the 12-mm round-glass coverslips to the edge of the disc collector using a double-sided conductive carbon tape (typically used for mounting samples for scanning electron microscopy (SEM)). Spacing between the coverslips should be at least roughly their length or diameter.
9| Place a wire brush from a second power supply in contact with the side of the disc collector.
10| Attach the axle of the disc collector to a high-torque stirring motor and set the rotating velocity of the disc collector to 10.64 m s − 1 (800 r.p.m. for our disc collector).
11|
Set the syringe pump to 0.16 ml h − 1 .
12| Set the high-voltage DC power supply attached to the syringe to 13 kV and set the second power supply contacting the disc collector to − 2 kV. The distance between the fibers and the density of fibers accumulating on the coverslips is dependent on the length of electrospinning; for fiber spacing of 10-15 µm, electrospin for 2 min under 30-40% relative humidity. After the desired density of fibers has covered the surface of the coverslips, turn off both power supplies, the wheel motor and the syringe pump. ! cautIon This procedure involves the use of high voltage. Precautions should be taken to avoid electrocution.  crItIcal step Check the uniformity of fiber diameters by light microscopy after each electrospinning procedure. Adjustments may be made to the polymer solution or the electrospinning apparatus to ensure the uniformity of fiber diameters. If small beads are observed along the length of the fibers, increase the polymer concentration, as this approach will reduce the appearance of such beads. The polystyrene concentration should, however, not be increased above 17% (wt/vol) in order to maintain the desired fiber diameters of 2-4 µm. These diameters largely depend on the concentration of the polymer and the distance from the tip of the syringe to the edge of the disc. In our hands, the optimal polystyrene concentration and distance for generating fiber diameter of 2-4 µm are 15% and 25 cm, respectively. Fiber diameter, spacing and uniformity should be analyzed using SEM before OPC culture experiments. Please note that we made all adjustments to the procedure to manufacture the fibers on the basis of SEM images of the fibers we obtained.  crItIcal step Solution will begin to collect at the tip of the syringe needle and dry during the electrospinning process. Use a paper towel (or another nonconductive material) held at a safe distance as a swab to unclog the polymer from the needle tip. ! cautIon This procedure involves the use of high voltage. Precautions should be taken to avoid electrocution. ? trouBlesHootInG preparation of the fiber-coverslip assembly, immunopanning plates and solutions • tIMInG ~1 d 13| Place the 12-mm glass coverslips containing fibers onto 25-mm coverslips under a dissecting microscope.
14|
Apply silicone sealant on both edges of the 12-mm coverslips, including both ends of the fibers, and air-dry the assembly for at least 5 h. ! cautIon It is important to maintain asepsis of fiber-OPC cultures. Therefore, perform the following steps in a laminar flow tissue culture hood to prevent any bacterial or fungal contamination during fiber preparation, brain dissection, OPC dissociation and immunopanning.
15|
Sterilize the fibers by placing the fiber-containing glass coverslips in 2 ml of 75% (vol/vol) ethanol for 2 min in the wells of a six-well plate.
16| Wash the ethanol-treated coverslips with sterile water three times, and then air-dry them in the wells of a six-well plate until no visible liquid remains.
17|
To coat the fibers, drop 100 µl of poly(l-lysine) only onto an area of the 12-mm coverslips covered with fibers and incubate the coverslips for 1 h at room temperature; wash the coverslips by immersing them in 2 ml of water for 10 min within the six-well plate. Repeat this procedure three times for a total of 30 min. Air-dry the coverslips. Leave the fiber-containing coverslips in the wells of the six-well plate under the hood until the next day, making sure that the UV light is not on.  crItIcal step During preparation, make sure not to destroy or disrupt fiber alignments with the pipette tip.
? trouBlesHootInG 18| Prepare two 150 mm × 25 mm culture dishes and one 100 mm × 20 mm culture dish by incubating them with goat antimouse IgG/M secondary antibodies (10 µg ml − 1 ) diluted in 15 ml (per each plate) of 50 mM Tris-HCl (pH 9.5) overnight at room temperature. Use 150 mm × 25 mm dishes for Ran-2 and GalC hybridoma supernatant and 100 mm × 20 mm dishes for the OPC cell-surface antigen O4 hybridoma supernatant.  pause poInt Culture dishes containing secondary antibodies are prepared the day before OPC dissociation and immunopanning and are stored in room temperature overnight in a tissue culture hood without UV light or laminar flow.
19| Prepare 100 ml of 30% (vol/vol) FBS and 100 ml of 0.2% (wt/vol) BSA in 1× PBS.
20|
Prepare fresh papain buffer by adding 1 mM MgSO 4 , 0.36% (wt/vol) glucose and 2 mM EGTA in 10 ml of 1× EBSS (Reagent Setup).
Dissociating, immunopanning and seeding rat cortical opcs on fibers • tIMInG ~8 d 21|
On the day of OPC dissociation and immunopanning, gently rinse the culture dishes with 1× D-PBS three times (5 min for each wash), for a total of 15 min, in order to remove the secondary antibody. Thaw out previously prepared frozen aliquots of each hybridoma supernatant for Ran-2 (1:5 dilution in 0.2% (wt/vol) BSA), GalC (1:5 dilution in 0.2% (wt/vol) BSA and O4 (1:5 dilution in 0.2% (wt/vol) BSA), and gently pour them onto the panning plates; as mentioned, the 150 mm × 25 mm culture dishes are used for Ran-2 and GalC hybridoma supernatant, whereas the 100 mm × 20 mm dish is used for the O4 hybridoma supernatant. Culture dishes containing hybridoma supernatants are kept in the hood at room temperature until they are ready to be used for panning.  crItIcal step O4 hybridoma supernatant can be used to isolate both rat and mouse OPCs. Although we are able to purify OPCs from mouse brain with high purity using the same Ran-2 hybridoma supernatant as negative selection and the O4 hybridoma supernatant as a positive selection, we do not have definitive proof that Ran-2 is effective for isolating mouse cells.  pause poInt The culture dishes can be stored in this manner for 4-5 h.
22|
Prewarm the papain buffer in a 37 °C water bath.
23|
Under sterile conditions, remove the brains of two P7 rat pups or two P9 mouse pups and place them into a 60 mm × 15 mm cell culture dish containing 10 ml of 1× PBS (without Mg 2 + /Ca 2 + ) at room temperature for further dissection. ! cautIon Necessary approvals must be obtained; all animal procedures must be approved by an institutional animal care and use committee, and they must adhere to all relevant regulations.
24|
Under the dissection microscope, separate brains into two halves by cutting along the midline and remove the meninges and all noncortical tissues, including the hippocampus, brainstem and cerebellum, leaving only cerebral cortices. Transfer the cortices into a new 60 mm × 15 mm cell culture dish containing 10 ml of 1× PBS (without Mg 2 + /Ca 2 + ) at room temperature, ensuring the removal of all cellular debris.
25|
Once dissection is complete, measure 200 units of papain and dissolve them alongside 2 mg of l-cysteine into the 10 ml of papain buffer for each preparation.
26| Filter sterilize the solution from
Step 25 through a 0.2-µm filter using a 35-ml syringe, and then add 2,500 U of DNase I to it.
27|
Remove all the 1× PBS (without Mg 2 + /Ca 2 + ) and mince the cortices very finely using a sterilized surgical scalpel. Transfer the minced cortical tissues into a 50-ml conical tube containing 10 ml of papain buffer from
Step 26 prewarmed to 37 °C; incubate the resulting mixture for 75 min in the 37 °C water bath, gently shaking it every 15 min.  crItIcal step During incubation, minced tissues tend to clump and sink to the bottom of the tube, rendering most of the tissues unexposed to the enzymatic activity of the papain. Gentle shaking minimizes tissue clumping and improves dissociation of tissue by papain. Poorly dissociated tissues require more forceful pipetting during the Steps 31 and 32. Forceful pipetting increases the incidence of cell death and lowers the yield of viable OPCs.
? trouBlesHootInG 28| While tissue dissociation is proceeding, prepare 10 ml of Lo-ovo solution containing 1.5 mg ml − 1 of ovomucoid protease inhibitor and 1.5 mg ml − 1 of BSA by diluting 10× stock solution tenfold in 1× PBS and adding 2,500 U of DNase I. Also prepare 1× Hi-ovo solution containing 6 mg ml − 1 ovomucoid protease inhibitor and 6 mg ml − 1 BSA by diluting the 6× stock solution sixfold in 1× PBS.
29|
Allow the digested tissue to settle to the bottom of the tube, and then remove as much of the papain buffer as possible from the mixture (prepared in Step 27) without losing the brain tissue.
30|
Gently add to the container 2 ml of Lo-ovo from Step 29, mix thoroughly, let the tissue settle and then discard as much of the supernatant as possible.
31|
Add another 2 ml of Lo-ovo to the minced tissue, triturate with a 5-ml pipette gently (five or six times), allow the cells to settle, remove 1 ml of supernatant from the top of the suspension and transfer it to a 15-ml tube. Repeat this process one more time.
32| Add 1 ml of Lo-ovo and triturate with a P-1000 pipette until a single-cell suspension is obtained. Add back the 2 ml of supernatant set aside in Step 31 to the original tube and spin at 300g for 15 min using a tabletop microcentrifuge.
33|
Remove the supernatant and resuspend the cell pellet in 6 ml of Hi-ovo, and then spin at 300g for 15 min using a tabletop microcentrifuge.
34|
Remove the supernatant and resuspend the cell pellet in 5 ml of 0.2% (wt/vol) BSA solution. Prewet a nylon mesh filter (40 µm) with 2 ml of 0.2% (wt/vol) BSA solution, and then use it to filter the cell suspension from
Step 33 into a 50-ml conical tube. Rinse the filter with another 5 ml of 0.2% (wt/vol) BSA solution.
? trouBlesHootInG
35|
Rinse the panning plates gently three times with 10 ml of D-PBS (with Mg 2 + /Ca 2 + ) for 15 min (5 min per wash) at room temperature and apply the cell suspensions from
Step 34 to the washed panning plates.
36| Sequentially incubate the cell suspensions in the Ran-2 (30 min), GalC (30 min) and O4 (45 min) culture dishes, gently shaking the mixtures every 15 min.
37|
To dissociate OPCs from the final O4 culture dishes, add 3 ml of prewarmed (37 °C) 0.05% (vol/vol) trypsin-EDTA and incubate the dishes for 1 min while monitoring cell dissociation from the plate under a light microscope; next, add 3 ml of prewarmed (37 °C) 30% (vol/vol) FBS solution onto the dish to stop the enzymatic activity of trypsin. Transfer the supernatant from the dish to a 50-ml conical tube. Add another 5 ml of 30% (vol/vol) FBS to detach the OPCs from the dish by repeated but gentle pipetting with a 5-ml pipette. Repeat this process until all the cells have been detached from the plate. ? trouBlesHootInG 38| Spin the supernatant at 300g for 20 min at room temperature using a tabletop microcentrifuge.
39|
Gently decant the supernatant without losing the cell pellet and resuspend the cells in myelin culture medium in the appropriate volume (normally 500 µl or 1 ml) to achieve a cell concentration of no less than 1.5 million cells per ml. Normally, the dissociation of four rat brain hemispheres yields 1.5-3 million OPCs. By adding a small volume of medium to initially dissociate the pellet, such as 500 µl, concentration of OPCs can be maintained at no less than 1-2 million cells per ml. Desired concentration can be achieved by further diluting the cells after having determined the concentration using a hemocytometer (see Step 40).  crItIcal step Do not dilute OPCs in a large volume of myelin culture medium, as OPCs should be seeded in a small volume (100 µl) onto the fibers to promote fiber contact.
? trouBlesHootInG 40| Calculate OPC yield using a hemocytometer. Normally, two rat brains yield a total of 1.5-3 million OPCs and two mice brains yield 1-1.5 million OPCs.
41|
Wet the fibers by adding and removing 100 µl of myelin culture medium containing PDGF before seeding 150,000 OPCs in 100 µl of myelin culture medium. The coverslip assemblies containing the fibers and seeded OPCs in small volume of myelin culture medium are kept in the side wells of a six-well plate in the 37 °C incubator overnight.  crItIcal step Seeding density of OPCs largely depends on the type of experiments desired. The higher the initial seeding density, the sooner OPCs will differentiate into MBP-positive oligodendrocytes. Therefore, a lower seeding density should be used for experiments designed to study OPC proliferation or migration. In addition, homogeneity and purity of OPCs will greatly influence the timing of OPC proliferation and maturation in the culture.
42|
After having kept the coverslips containing fibers and OPCs in small volumes overnight to promote cell attachment to fibers (Step 17), flood the wells with 1.5 ml of myelin culture medium containing PDGF and change the medium every 3 d for the remainder of the culture period. PDGF is removed from the medium on the third day. The length of the culture period required for optimal fiber wrapping is 8 d. . Please note that a goat serum solution containing normal IgG antibodies from mouse, rat or rabbit can be used as negative controls, ensuring the specificity of the secondary antibodies being used.
48|
Rinse the fibers with D-PBS three times for 10 min by immersing and incubating cultures with 2 ml of 1× D-PBS and rinse once with water for 5 min. Blot dry to remove any excess liquid, then carefully cut the edges of the fibers containing sealant using a razor blade to remove the silicone sealant from the fibers. 
54|
Embed the fibers in a 1:1 mixture of EMBed-812 resin and HPMA for 1 h at room temperature.  crItIcal step The use of HPMA, a water-soluble resin, is important to prevent polystyrene fibers from dissolving during the embedding process.
55|
Continue embedding the fibers in a 2:1 EMBed-812 resin:HPMA mix overnight at room temperature, followed by 100% EMBed-812 resin for 3 h at room temperature.
56|
Place the fibers in fresh EMBed-812 resin, remove the fibers from the coverslip, carefully transfer the fibers into the silicone embedding mold and cure overnight at 65 °C.
57|
Obtain ultrathin sections (70 nm) of the fibers for visualization via electron microscopy.
? trouBlesHootInG Troubleshooting advice can be found in table 1. There is either too much or too little static charge at the tip of the needle Adjust the voltage knob on the power supply, contacting the needle until a consistent stream is visible. Also, make sure that the aluminum sheet is making contact with the needle and that the wire brush is making contact with the rotating collector. If the problem persists, adjust the tip-to-collector distance from 25 cm
The tip of the syringe dispenses the polymer in 'pulses' or 'globs' of large droplets at the collector, instead of in a steady, smooth stream
The solution is too viscous, the feed rate is too low, the setting for the rate of the syringe pump is too high, or there is a bad connection between the power supply and the syringe Set the syringe pump at a lower feed rate or adjust the diameter settings on the syringe pump to match that of the syringe (continued)
• 
antIcIpateD results
The time required to complete the entire protocol (Fig. 1a) , from fiber fabrication (Fig. 1b) and validation (Fig. 1b-e) to the analysis of myelin-like segments on the fibers, is reported in Figure 1 . Whether an OPC-fiber culture experiment is successful depends largely on the quality of the fibers, and that correct dimensions required for oligodendrocyte membrane wrapping are attained. The key parameters include optimum fiber diameter, spacing and uniformity, which need to be verified by both light microscopy and SEM (Fig. 1c-e) . When initially plated, OPCs appear as small spheres or bipolar cells with short processes scattered along the fibers or in between the fibers (Fig. 2) . As time progresses, OPCs associate with more fibers by extending their membrane processes to ensheathe the fibers, while continuing to proliferate and migrate 7 . OPCs proliferate and migrate in close association with the fibers (in the presence of exogenous PDGF in the medium for 2 d), which can be observed by time-lapse imaging 12 and immunostaining (Fig. 2c) . Under optimal culture conditions, most of the OPCs prefer associating with fibers rather than with non-fiber-covered areas, and they maintain their contact with fibers. At 3 d in vitro (DIV), PDGFRα-positive OPCs proliferate, migrate and occupy space evenly along the fibers while making thin or tube-like ensheathments. Mature oligodendrocytes then start to produce tube-like segments that are positive for MBP (Fig. 2c) .
Fibers ensheathed by OPC membranes can also be seen by electron micrographs of the cultures at this time (Fig. 2g) . At later stages, more cells become MBP-positive and produce multiple myelin-like segments (Fig. 2f) that generate multiple, concentric wraps of membrane, which appear as dark, electron-dense lines indicative of partial compaction, as shown in Figure 2h . Full compaction is rarely observed with nanofibers and the membranes are poorly organized.
We have also analyzed the presence of contaminating cells, such as GFAP-positive astrocytes, in OPC-fiber cultures by immunostaining (Fig. 2b-f) . Upon purification, our OPC cultures are >95% pure. The only cell contamination can be attributed to astrocytes that arise from our OPCs as they are maintained in the culture. At 1 DIV, it is difficult to find any contaminating astrocyte present in a particular field under microscopy (Fig. 2b) . As OPCs mature in culture starting at 3 DIV, a small number of GFAP-positive astrocytes with long fibrous membrane processes (indicated by white arrows in Fig. 2c-e) 
